Objective: To compare rates of AIDS-defining and non-AIDS-defining malignancies between patients on a CD4 T-cell-guided antiretroviral therapy (ART) strategy and continuous ART.
Introduction
Declines in AIDS-defining malignancies including Kaposi's sarcoma and non-Hodgkin's lymphoma (NHL) have been observed in HIV-infected populations with the availability of effective antiretroviral therapy (ART) [1] [2] [3] [4] [5] [6] [7] . Conversely, given the longer survival of HIV-infected individuals in the ART era, there is growing concern about the higher incidence of non-AIDS-related disease. Several studies, for example, have demonstrated a shift in mortality to non-AIDS causes, with a growing proportion related to non-AIDSdefining malignancies [8] [9] [10] [11] . Several studies have found a higher incidence in the ART era of non-AIDS-defining malignancies in general [2] and specifically of Hodgkin's lymphoma [3, 4, 7, 12] , skin [2] , lung [12, 13] , anal [2, 14] , kidney [4] and prostate [15] cancers. Other studies, however, have demonstrated no change in incidence in the ART era for the same malignancies [1] [2] [3] [4] 7, 12, [16] [17] [18] .
As has been suggested for Kaposi's sarcoma, ART may reduce the incidence of AIDS-defining malignancies indirectly via improved immune surveillance for cancer cells, or directly via the inhibition of tumor development [19] . The relationship between immune status and the incidence of non-AIDS-defining malignancies, however, is unclear. A large AIDS and cancer registry study indicated that only Hodgkin's lymphoma, lung, penile, lip, testicular, and sarcomas were associated with immunodeficiency [20] . Recent studies indicated that the risk of fatal or non-fatal non-AIDS-defining malignancies was increased with lower CD4 T-cell counts [21, 22] . Others, however, did not find such an association [17, [23] [24] [25] . Further research on malignancies in HIV-infected individuals is warranted, particularly with respect to the association with ART and improvements in immune status.
In this context, we report on the occurrence of malignancies in patients enrolled in the Strategies for Management of Antiretroviral Therapy (SMART) trial. The main objectives of the SMART trial were to compare opportunistic disease rates, death rates, and the risk of major ART-associated adverse events between patients randomly assigned to the episodic use of ART based on CD4 T-cell count levels or the continuous use of ART [26] . Episodic use of ART as used in the SMART study was inferior to the continuous use of ART for the primary endpoint of opportunistic disease or death from any cause as well as an important secondary endpoint of major cardiovascular, renal or hepatic disease. We extend this work here to an analysis of the incidence of AIDSdefining and non-AIDS-defining malignancies among SMART participants and assess the effect of SMART treatment strategies on this risk. We further elucidate the possible pathogenic mechanisms of malignant outcomes in HIV-infected individuals.
Methods

Study design and population
The SMART study design is described in detail elsewhere [26] . Briefly, 5472 HIV-infected patients were recruited at 318 sites in 33 countries representing north America (57%), Europe (26%), south America (10%), Australia/ New Zealand (3%), Asia (3%), and Africa (1%). Recruitment began in 2002 with the following eligibility criteria: age greater than 13 years, not pregnant or breastfeeding, CD4 T-cell count greater than 350 cells/ml, and willing to initiate, modify, or stop ART according to the SMART trial protocol. Patients were randomly assigned into the drug conservation or the viral suppression study arms. The drug conservation treatment strategy involved CD4 T-cell guided episodic ART in which, after random selection, patients stopped or deferred the initiation of ARTuntil CD4 T-cell counts fell below 250 cells/ml, and then restarted ARTuntil CD4 T-cell count levels increased to more than 350 cells/ml. At this time ART was stopped again until CD4 T-cell count levels fell below 250 cells/ml. The viral suppression treatment strategy was based on the 2003 United States Department of Health and Human Services guidelines [27] and involved the use of ART throughout follow-up to maintain HIV RNA levels as low as possible. Investigators and participants were not blinded to the study arm. Follow-up visits for participants were scheduled for months 1, 2 and every 2 months thereafter in year 1, and every 4 months in subsequent years. On 11 January 2006 enrollment was stopped on the basis of a recommendation from the Data Safety and Monitoring Board, and participants in the drug conservation group were advised to restart ART as a result of the increased risk of both HIV-related and other serious events in the drug conservation group.
Data collection
At baseline, defined as within 45 days before random selection, a medical history and examination were performed for study participants. Data were collected regarding demographics, the use of cigarettes, history of malignancies, recent and nadir CD4 T-cell counts, recent and highest previous HIV RNA levels, and ART history. A medical history and examination was also performed at annual study follow-up visits, which included the measurement of CD4 T-cell and HIV RNA levels.
The primary outcomes for analyses presented here were new AIDS-defining or non-AIDS-defining malignancies. As per the study protocol, deaths from any cause, including any malignancy, as well as opportunistic diseases, including AIDS-defining malignancies, were reviewed by an endpoint review committee that was blinded to the study arm. In the SMART study, cancers considered AIDS-defining malignancies were broadened from the 1993 Centers for Disease Control and Prevention AIDS surveillance definition, and included both Hodgkin's and non-Hodgkin's lymphoma, invasive cervical cancer, and Kaposi's sarcoma [28, 29] . All other cancers were considered non-AIDSdefining malignancies. Pathology reports for non-fatal non-AIDS-defining malignancies were further reviewed by the collaborating oncologist (D.I.A.).
Statistical methods
Malignancy incidence rates per 1000 person-years were computed for all malignancies combined (i.e. AIDSdefining or non-AIDS-defining malignancies), AIDSdefining and non-AIDS-defining malignancies, as well as for individual malignancies. Cox proportional hazards models were used to compare the drug conservation and viral suppression study arms. Patients were censored at the time of first AIDS-defining or non-AIDS-defining malignancy, time of death, or end of study follow-up. Next, Cox models were constructed separately for AIDSdefining and non-AIDS-defining malignancies, with adjustment for baseline characteristics including age, sex, race/ethnicity, current smoking status, history of malignancy, baseline, recent and nadir CD4 T-cell counts, baseline and recent HIV RNA levels, duration of previous ART at study entry, and evidence of hepatitis B or C infection. The duration of HIV infection was examined, but not included in final models because of collinearity with the ART parameter. Low event rates also precluded a multivariable analysis for individual malignancies. Cox models were also used to examine the effect of study arm with and without adjustment for proximal (i.e. time updated) CD4 T-cell count and HIV RNA levels. We also performed subgroup analyses by age and cigarette use.
Results
Baseline characteristics and study follow-up A total of 5472 participants were enrolled and followed between 8 January 2002 and 11 January 2006. A total of 2720 participants were randomly assigned to the drug conservation arm and contributed 3666 person-years. A total of 2752 participants were randomly assigned to the viral suppression arm and contributed 3701 person-years. As described previously [26] and in Table 1 , baseline demographic and clinical characteristics were similar for the drug conservation and viral suppression study arms.
Overall, few participants had a previous history of non-AIDS-defining malignancies (2.4%) or AIDS-defining malignancies (2.6%), with similar percentages by study arm.
Overall AIDS-defining and non-AIDS-defining malignancy event rates During follow-up, 70 participants developed a malignant endpoint. AIDS-defining malignancies occurred in 13 subjects and three patients experienced AIDS-defining malignancy-related deaths. Non-AIDS-defining malignancies occurred in 58 participants and 16 participants experienced non-AIDS-defining malignancy-related deaths. One participant was diagnosed with both an AIDS-defining malignancy and a non-AIDS-defining malignancy. Compared with other major non-AIDS endpoints of the SMART trial, the number of malignant events was similar to the number of cardiovascular events (n ¼ 79), but was more frequent than the number of cases of serious hepatic (n ¼ 17) or renal diseases (n ¼ 11). As presented in Table 2 , the drug conservation strategy was associated with a higher risk of AIDS-defining malignancies, with a hazard ratio (HR; drug conservation/viral suppression) of 5.5 [95% confidence interval (CI) 1.2, 25.0; P ¼ 0.03]. The overall non-AIDS-defining malignancy rate was similar between the drug conservation and viral suppression arms with an HR (drug conservation/ viral suppression) of 1.3 (95% CI 0.7, 2.1; P ¼ 0.40). Death rates from AIDS-defining malignancies, non-AIDS-defining malignancies, or both, were approximately twofold higher in the drug conservation arm compared with the viral suppression arm, although the differences were not statistically significant (P > 0.05).
Individual AIDS-defining and non-AIDS-defining malignancy event rates Event rates for individual malignancies by study arm are presented in Table 3 . The 13 AIDS-defining malignancies consisted of eight cases of Kaposi's sarcoma and five cases of lymphoma (three non-Hodgkin's and two Hodgkin's). Participants in the drug conservation group had a higher risk of Kaposi's sarcoma with a HR (drug conservation/ viral suppression) of 7.0 (95% CI 0.9, 57.1; P ¼ 0.07). No statistically significant difference in the rate of lymphoma was noted by treatment arm, although the number of events was low. The most common non-AIDS-defining malignancies were cancers of the skin (n ¼ 16), lung (n ¼ 8) and prostate (n ¼ 6). The HR (drug conservation/ viral suppression) for skin, lung and prostate cancers were 1.0 (95% CI 0.4, 2.7; P ¼ 0.98), 3.0 (95% CI 0.6, 15.0; P ¼ 0.18), and 1.0 (95% CI 0.2, 5.0; P ¼ 0.99), respectively. The rates of other non-AIDS-defining malignancies were similar by study arm, although the number of events was low.
Predictors of AIDS-defining and non-AIDSdefining malignancies
The strongest predictor of AIDS-defining malignancies was a previous history of AIDS-defining malignancies with an HR of 170.2 (95% CI 35.3-819.9; P < 0.001).
Of the 13 AIDS-defining malignancies occurring during the study, seven had a previous AIDS-defining malignancy; of these seven, four had the same AIDS-defining malignancy (three Kaposi's sarcoma cases had previous Kaposi's sarcoma and one lymphoma case had a previous lymphoma), and three had a different AIDS-defining malignancy (three lymphoma cases had previous Kaposi's sarcoma). The only other statistically significant predictor of AIDS-defining malignancies, besides treatment group, was time since the first prescribed ARTwith an HR of 0.8 (95% CI 0.6-1.0; P ¼ 0.03) per one year of additional ART. Age, sex, race, baseline cigarette use, baseline and nadir CD4 T-cell counts, baseline HIV RNA levels, and evidence of hepatitis B or C infection were not significant predictors for AIDS-defining malignancies.
Statistically significant predictors of non-AIDS-defining malignancies were age, with an HR of 2.2 per 10 years older (95% CI 1.6-2.9; P < 0.001), current cigarette use at baseline, with an HR of 2.5 (95% CI 1.4-4.4; P ¼ 0.001), previous history of non-AIDS-defining malignancy, with an HR of 2.5 (95% CI 1.1-5.4; P ¼ 0.03), and baseline HIV RNA level of 400 copies/ml or less, with an HR of 2.1 (95% CI 1.1-4.1; P ¼ 0.02). Sex, race, baseline and nadir CD4 T-cell counts, time since first prescribed ART, and evidence of hepatitis B or C infection were not significant predictors for non-AIDS-defining malignancies. Analyses stratified by treatment arm indicated that cigarette use was a significant predictor only in the viral suppression group and a history of non-AIDS-defining malignancy was a significant predictor only in the drug conservation group (data not shown).
HR for the risk of non-AIDS-defining malignancy by study arm are presented in Table 4 within strata defined by age and cigarette use. In general, the effect of study arm was strongest within lower risk strata (i.e. younger patients and non-smokers). The HR (drug conservation/ viral suppression) among those aged 50 and less and over 50 years were 1.7 and 0.9, respectively (P for interaction 0.25). Similarly, the HR (drug conservation/viral suppression) among non-smokers and smokers were 2.3 and 0.8, respectively (P for interaction 0.04).
CD4 T-cell counts and HIV RNA levels during follow-up in the two treatment groups may have partly accounted for differences in malignancy rates noted by study arms. Table 4 includes HR (drug conservation/viral suppression) with and without adjustment for proximal CD4 T-cell count and proximal HIV RNA levels. For AIDS-defining malignancies, adjustment for proximal CD4 T-cell counts and HIV RNA levels resulted in a decrease in unadjusted HR (drug conservation/viral suppression) of 5.5 to an HR of 2.8 (95% CI 0.6, 13.9; P ¼ 0.21), representing a 49% reduction in the magnitude of the HR and loss of statistical significance compared with unadjusted results. Similar adjustment resulted in smaller changes in HR for non-AIDS-defining malignancies, with no change in statistical significance.
Discussion
The major aims of this analysis were to compare rates of malignancies in the SMART trial comparing CD4
T-cell-guided intermittent use of ART with continuous ART, and to examine predictors of these malignancies. In a relatively short time of 16 months average follow-up, the CD4 T-cell-guided intermittent ART strategy resulted in a significant increase in the incidence of AIDS-defining malignancies. HIV disease stage accounted for much of the increased risk of AIDS-defining malignancies in the intermittent ART study arm. Non-AIDS-defining malignancies were more common than AIDS-defining malignancies, and were the most common underlying cause of death in the SMART trial. The incidence of non-AIDSdefining malignancies was not, however, influenced by the treatment arm. Older age, cigarette use, baseline undetectable HIV RNA level and previous non-AIDS-defining malignancy were the strongest risk factors for new non-AIDS-defining malignancies.
The increased risk of AIDS-defining malignancies was largely mediated by lower proximal CD4 T-cell counts and higher HIV RNA levels in the drug conservation arm. This is consistent with earlier studies that have shown a higher risk of Kaposi's sarcoma and non-Hodgkin's lymphoma with decreased immune function [3, 6, 7, 24, 25, 30] , as well as Hodgkin's lymphoma [3, 20, 31, 32] , although the same association has not been shown by others for Hodgkin's Reference group for hazard ratio is viral suppression study arm.
lymphoma [18] or for cervical cancer [3, 24] . In this study, no invasive cervical cancers were observed, which is consistent with the low cervical cancer risk in the ARTera [33] . It should be noted, however, that only 27% of SMART participants were women. In general, our study supports continuing ARTuse for the prevention of AIDSdefining malignancies.
Non-AIDS-defining malignancies were not different according to the study arm; however, as a result of the shortened duration of the study, we cannot rule out the possibility of a modest effect of ART interruption on non-AIDS-defining malignancies (i.e. the upper bound of 95% CI is 2.1). There was a trend towards a threefold increased risk of lung cancer in the drug conservation versus the viral suppression study arm, but this did not reach statistical significance. As expected, age and smoking status were strong predictors of non-AIDSdefining malignancies. We also observed a higher risk of non-AIDS-defining malignancies in participants with undetectable HIV RNA at baseline independent of age and duration of ART use. Additional analyses indicated that the higher risk of non-AIDS-defining malignancies with HIV RNA levels less than or equal to 400 copies/ml at baseline was not confined to either study group, nor diminished after adjustment for recent HIV RNA or CD4 levels (data not shown). The reasons for this finding are thus not known and may be due to chance. Despite the lack of a difference between the study arms overall, subgroup analyses indicated that there may be an increased risk of non-AIDS-defining malignancies in the drug conservation study arm among groups with a lower overall non-AIDS-defining malignancy risk, including younger subjects and non-smokers. It is therefore possible that the trend towards an increased risk of non-AIDS-defining malignancies in these subgroups and for lung cancer may be caused by lower CD4 T-cell counts during follow-up resulting from the intermittent use of ART in the drug conservation study arm. The small number of events, however, precluded further study.
Earlier studies of non-AIDS-defining malignancies have shown an association between immunodeficiency and the following cancers: lung [20] , penile [20] , lip [20] , testicular [20, 31] , sarcomas [20, 31, 34] , myeloma [31] , and brain [31] . Others did not, however, find such an association with non-AIDS-defining malignancies [3, 7, 17, [23] [24] [25] 35, 36] . Few studies utilized CD4 T-cell count levels as a measure of immunodeficiency [3, 35, 36] , whereas most relied on proximity to the AIDS diagnosis as a crude proxy for immunodeficiency [20, 23, 31, 32, 34] . Recent studies of fatal non-AIDS-defining malignancies in the D:A:D study [22] and fatal or non-fatal non-AIDSdefining malignancies in the FIRST trial [21] indicated a strong relationship between current CD4 T-cell counts and non-AIDS-defining malignancies. However, since these studies included fatal non-AIDS-defining malignancies, it can not be determined whether low CD4 T-cell counts increased the risk of new malignancies, accelerated progression of existing malignancies, or a combination of both mechanisms.
The main strength of this study is the randomized design. Several recent randomized clinical trials have examined alternative ART treatment strategies, primarily CD4 cellguided, versus continuous ART, but none of them specifically focused on malignancies [26, [37] [38] [39] [40] [41] . Our study of 5472 patients was the largest of these and indicated that episodic ART resulted in an increased risk of opportunistic disease and death, and did not reduce the adverse effects associated with ARTuse [26] . A strength of SMART is the large population sample that included patients from 318 sites in 33 countries, thus ensuring the high generalizability of the study findings. Nevertheless, the study has several limitations. Despite the large size, the study is not sufficiently powered for the study of less common events, including site-specific cancers. The results for site-specific cancers were, however, fairly consistent within general categories of AIDS-defining and non-AIDS-defining malignancies. The low event rates also precluded multivariable analyses for each sitespecific malignancy.
Findings from the SMART study do not support the use of CD4 cell-guided intermittent ART in view of the higher risk of AIDS-defining malignancies and the already described increased risk of opportunistic disease and death [26] . Malignant outcomes were frequent in this cohort, with non-AIDS-defining malignancies more commonly reported than AIDSdefining malignancies. Traditional risk factors such as age and cigarette use were predictive of non-AIDS-defining malignancies rather than immune suppression. Standard cancer preventive measures should thus be encouraged, including smoking cessation programmes for HIVinfected patients.
